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ABSTRACT 
Nanoporous Nb2O5 has been previously demonstrated to be a viable electrochromic material 
with strong intercalation characteristics. Despite showing such promising properties, its 
potential for optical gas sensing applications, which involves the production of ionic species 
such as H+, has yet to be explored. Nanoporous Nb2O5 can accommodate a large amount of 
H+ ions in a process that results in an energy bandgap change of the material, which induces 
an optical response. Here, we demonstrate the optical hydrogen gas (H2) sensing capability of 
nanoporous anodic Nb2O5 with a large surface-to-volume ratio prepared via a high 
temperature anodization method. The large active surface area of the film provides enhanced 
pathways for efficient hydrogen adsorption and dissociation, which are facilitated by a thin 
layer of Pt catalyst. We show that the process of H2 sensing causes optical modulations that 
are investigated in terms of response magnitudes and dynamics. The optical modulations 
induced by the intercalation process and sensing properties of nanoporous anodic 
Nb2O5 shown in this work can potentially be used for future optical gas sensing systems. 
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1 INTRODUCTION 
Metal oxide semiconductors such as WO3, NiO and MoO3 are known for their outstanding 
performance as electro and chemo chromic materials due to their unique properties. 1-10 
Developments of electrochromic devices and chemo chromic optical sensors have been 
prompted by their ability to reversibly change their transmittance, absorption and reflectance 
according to applied voltages and ambient conditions. These materials generally change their 
colour and transparency as a result of the intercalation of ionic species such as Li+ and H+, 
which alter their electronic band structure. 11 
Amongst the intercalatable metal oxide semiconductors, Nb2O5 is one of the emerging but 
less studied oxides. Nb2O5 has been demonstrated to have excellent optical properties, 
outstanding electrochemical responses, chemical stability, corrosion resistance, and 
colouration changes. 12-14   Crystalline Nb2O5 has low electrical conductivity of ~10−6 S cm−1, which 
is at least two orders of magnitude smaller in comparison to its electrochromic metal oxide 
counterparts such as MoO3 and WO3. 15  It has been shown that upon intercalation of ionic species, 
crystalline Nb2O5 exhibits a colour change from transparent to blue, while amorphous Nb2O5 changes 
into a brownish-grey colour. 14 Intercalation also results in optical modulation. However in 
electrochromic applications, the optical modulation performance of amorphous Nb2O5 films rapidly 
degrades compared to crystalline films.  16-18  
Considering the aforementioned characteristics of crystalline Nb2O5, there are significant 
opportunities for developing optical gas sensing elements based on this metal oxide. A 
critical approach in creating effective Nb2O5 based gas sensors is to form nano morphologies 
of this material that allow facile adsorption and dissociation of target gas molecules.   
Nanostructured Nb2O5 materials have been fabricated using various methods in order to 
obtain high specific surface area and controllable structures. Liquid phase deposition methods 
such as hydrothermal and solvothermal routes have produced Nb2O5 with various 
morphologies comprising of nanobelts, nanospheres, nanosheets and nanorods. 19-24 In 
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addition, nanoporous, nanochannelled, nanoveined and nanocolumns of Nb2O5 have also 
been synthesised via electrochemical methods. 25-30 Amongst these methods, anodization is a 
particularly interesting technique due to its capability of forming highly porous films. Such 
structures provide platforms for efficient gas molecule diffusion, resulting in a high optical 
response and therefore augment a sensors’ response.  
In our previous work, we demonstrated an enhanced coloration efficiency of 47.0 cm2 C−1 
for crystalline nanoporous anodic Nb2O5, which is to date the highest ever reported for any 
electrochromic Nb2O5 based system. 13 In this work, we demonstrated the possibility of 
intercalating a large amount of Li+ ions into nanoporous anodic Nb2O5, with high surface-to-
volume ratios, at very low applied voltages. Based on the excellent electrochromic 
performance of these Nb2O5 structures, it is proposed that crystalline nanoporous anodic 
Nb2O5 can also be a suitable candidate for optical gas sensing. The breakdown of the 
hydrogen molecule onto the surface of nanoporous anodic Nb2O5, with or without the 
assistance of a catalyst, can be used for producing H+ ions that intercalate the crystal. These 
H+ ions can subsequently change the electronic band structure of nanoporous anodic Nb2O5 
generating a different optical response. It is known that in metal oxides with a propensity for 
intercalation, Li+ and H+ ions generally reduce the bandgap and eventually produce semi-
metallic compounds for strongly intercalated systems. 31-35 Consequently, it is proposed that 
hydrogen containing gas molecules are also able to reduce the energy bandgap of Nb2O5 to 
produce measureable optical modulations. However, the optical gas sensing properties of 
Nb2O5 have not been studied. Hydrogen gas (H2) is an excellent model to investigate this 
hypothesis. The applications of H2 gas span from industrial surveillance and processes to fuel 
cells, petroleum refining, airspace and biomedical systems. 36-40 H2 gas is a colorless, 
odorless, explosive and extremely flammable gas. Therefore, H2 leakage monitoring is 
paramount for its safe production, storage, handling and use.  
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In this work, we investigate the optical sensing performance of a nanoporous anodic Nb2O5 
film in the presence of H2. Nanoporous Nb2O5 films are prepared by anodization of Nb metal 
films, which are deposited using RF sputtering onto fluorine-doped tin oxide (FTO) glass 
substrates. Anodization of Nb using an electrolyte containing glycerol and dipotassium 
phosphate (K2HPO4)  at elevated temperature has been demonstrated by Melody et al. 41 to 
produce nanoporous Nb2O5 films. This electrolyte composition has been identified as having 
low resistivity and thermal stability that contributes to the formation of porous films. 42 It has 
been proved that anodization at high temperatures with the electrolyte of 
glycerol/dipotassium phosphate, accelerates the process and results in much more robust and 
highly ordered nanoporous films. 42-45 In this work, the same electrolyte is used for the 
formation of the nanoporous anodic Nb2O5 films. Experiments are conducted in order to 
assess the crystalline and morphological properties of Nb2O5 films and to reveal the 
subsequent optical changes, which occur upon hydrogen gas molecule interactions with these 
films. Responses of the films to methane and ethanol gas molecules are also investigated for 
comparison.  
 
2 EXPERIMENTAL 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
2.1 SYNTHESIS OF Nb2O5 
The Nb films used in this work were prepared by a RF magnetron sputtering system. 
Fluorine-doped tin oxide (15 Ω sq−1, Dyesol) glass substrates measuring 15 mm × 10 mm 
were used. Nb films were deposited by means of a RF magnetron sputtering using a circular 
metallic Nb target of 2 inches in diameter with a purity of 99.95% placed at a distance of 
65 mm from the substrate stage. The base pressure of the sputtering chamber was 1.0×10−5 
Torr and the sputtering pressure was set to 2×10−2 Torr in the presence of pure argon (100%).  
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A constant 120 W RF power was used with the substrate temperature fixed at 300 °C for 
20 minutes of sputtering. The sputtering process utilising the aforementioned parameters 
resulted in Nb metal films of ~350 nm thicknesses. The sputtered Nb films were anodized in 
an electrolyte that consisted of 50 mL glycerol (99% purity) mixed with 6.3 g of K2HPO4 
(98% purity) (both from Sigma–Aldrich) that was kept at a constant temperature of 180 °C 
during the anodization process. The anodization was carried out with a conventional two 
electrode configuration, where the anode was the sample and the cathode was a Pt foil. The 
anodization duration of 3 mins at a voltage of 5 V resulted in nanoporous Nb2O5 films of 
~500 nm thickness. The films were then washed using deionized water and dried in a 
nitrogen stream. The samples were then annealed in a standard laboratory furnace at 500 °C 
for 1 h in air with a ramp-up and ramp-down rate of 2°C min−1 which resulted in transparent 
crystalline nanoporous Nb2O5 films. A Pt catalytic layer of ∼ 1 nm thickness was sputtered 
onto the film surface to facilitate and enhance the breakdown of H2 molecules. In our 
previous work, the as-synthesised compact Nb2O5 nanoporous films with a thickness of 
500 nm demonstrated the optimum coloration efficiency in electrochromic applications.13 As 
such, we chose this thickness for our optical gas sensing investigations.   
 
2.2 STRUCTURAL CHARACTERIZATIONS 
The scanning electron microscopy (SEM) images of the Nb2O5 films were taken with a FEI 
Nova NanoSEM, while the elemental composition of the Nb and Nb2O5 films were examined 
by X-ray photoemission spectroscopy (XPS) using a Thermo K-alpha X-ray source 
(1486.7 eV) at 50 eV pass energy. The crystalline structure of the Nb2O5 films were 
determined by X-ray diffraction (XRD), characterised by a D8 Advance Bruker AXS with 
General Area Detector Diffraction System (GADDS) attachment fitted with a 50 µm spot size 
collimator, incorporating a High Star 2 dimensional detector and CuKα radiation (λ = 
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0.1542 nm) operating at 40 kV and 40 mA. Raman spectra were obtained using an Ocean 
Optic QE 6500 spectrometer, equipped with a 532 nm 40 mW laser as the excitation source.   
 
2.3 OPTICAL GAS SENSING MEASUREMENTS 
The absorption spectra of the nanoporous Nb2O5 films were examined using the testing 
setup shown in Figure S1 (Supporting Information). The custom-made chamber (Figure 1 
shows the schematic illustration) consisted of an aluminum box with ports for a gas inlet and 
outlet, ports for light to pass through and electrical connectors for a heating plate. The optical 
signal was provided using a deuterium-halogen single beam light source (Micropack DH-
200) and measured by a spectrophotometer (Ocean Optics HR 4000). A custom built sample 
holder was utilised to mount the sensing elements during testing. The operating temperatures 
of these sensing elements were regulated using a localised heater, which was connected to a 
dc voltage supply. The hydrogen gas was pulsed into the inlets of the aluminium box where 
the concentration was accurately controlled using a computerised mass flow control (MFC) 
multi-channel gas calibration system. Exposure time was 10 min for each pulse of hydrogen 
gas and the chamber was purged with synthetic air for 10 min between pulses to allow the 
sensors to recover under atmospheric conditions. The analysis was performed using 
Spectrasuite Software Package.  
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 Figure 1.  A schematic illustration of the optical gas testing chamber. 
 
3 RESULTS AND DISCUSSION 
3.1 MORPHOLOGICAL AND STRUCTURAL PROPERTIES 
The surface and cross-sectional SEM images of nanoporous anodic Nb2O5 films are 
presented in Figure 2. From the top-view SEM image of the nanoporous anodic Nb2O5 layer 
in Figure 2(a), it can be seen that apart from the large pores with an average dimension of 
~35 nm, smaller pores with sizes ranging from 10 to 15 nm were also formed throughout the 
films, thus making all of the pores connected into a three-dimensional (3D) porous 
nanostructure. From the cross sectional images depicted in Figure 2(b,c), it is observed that 
the anodized thin films are composed of arrays of continuous and high density nanoporous 
networks that are ordered in vertical directions. The observation of such a nanoporous 
structure proves the efficiency of the adopted anodization process in establishing an efficient 
sensing element for the adsorption and diffusion of gas molecules. 
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 Figure 2. SEM images of (a) top view (b) cross sectional view and (c) magnified image of 
the cross-sectional view of nanoporous anodic Nb2O5. 
 
An XPS analysis was carried out to determine the elemental composition of the sputtered 
Nb and annealed nanoporous anodic Nb2O5 films. Figure 3(a) shows the zoomed in spectrum 
of the Nb region of the sputtered Nb film. The spectrum exhibits the Nb 3d3/2 peak at 205.8 
eV and Nb 3d5/2 at 202.3 eV. This spectrum indicates that the film is made of pure Nb 
according to Dacca et al. 46 As shown in Figure 3(b), the zoomed in spectrum of Nb2O5 
contains peaks at 207.3 and 210.1 eV, which are accredited to the Nb 3d5/2 and Nb 3d3/2 
energy levels, respectively. These peaks are evidence of the existence of an orthorhombic 
phase of crystalline Nb2O5. 13 
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 Figure 3. The XPS spectra of Nb3d peaks of (a) sputtered Nb and (b) nanoporous anodic 
Nb2O5 films (both XPS spectra are calibrated with reference to peak fitting of the carbon 1s 
peak located at 284.5 eV (not shown)). 
 
XRD measurements were carried out to examine the crystalline structures of the as-
anodized and annealed Nb2O5. The XRD patterns of the as-anodized sample (Figure 4-i) 
display only Nb peaks together with the FTO peaks, indicating the amorphous nature of the 
films. The films were crystalline and formed the orthorhombic phase of Nb2O5 (according to 
ICDD30-0873) after 1 hour of annealing at a temperature of 500 °C as indicated by peaks 
appearing at 22.6, 28.5, 37.0, 45.0, 46.3, 50.5 and 55.5 ° 2-theta (Figure. 4-ii). 26  
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 Figure 4. (a) The XRD patterns of nanoporous Nb2O5 film (i) as anodized and (ii) after 
annealing in air for 1 hour at 500 °C, orthorhombic phase (ICDD 30-0873) peaks are denoted 
by ♦, while FTO peaks are denoted by *.  
 
The XRD results were further verified by the Raman spectra presented in Figure 5. The 
broad peaks at 250 cm−1 and 650 cm−1 were observed in the spectrum of the as-deposited 
nanoporous films signifying the characteristics of amorphous niobium oxide. After annealing, 
the Raman peaks for the nanoporous anodic Nb2O5 were clearly visible by peaks located at 
303 and 460 cm−1. These peak positions are consistent with previous reports, which 
correspond to the orthorhombic phase of crystalline Nb2O5. 13, 47 The XRD and Raman 
analysis both confirm the orthorhombic phase of the nanoporous anodic Nb2O5 film. 
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 Figure 5. Raman spectra of (i) as-anodized and (ii) nanoporous anodic Nb2O5 films annealed 
at 500 °C for 1 h in air. 
 
3.2 OPTICAL GAS SENSING ASSESSMENTS 
The optical response of the nanoporous anodic Pt/N2O5 film to hydrogen gas was first 
investigated under different operating temperatures.  The measurements were conducted at 
22, 40, 60, 80 and 100 °C by exposing it alternately to synthetic air and 1 % hydrogen gas in 
air. Temperatures above 100 °C were not implemented as the test chamber could not 
withstand such elevated temperatures. It was found that the Pt/Nb2O5 film did not show any 
distinguishable gas response at room temperature as shown in Figure 6(a). It is suggested that 
at such a low temperature, there is insufficient energy for the hydrogen gas molecules to 
dissociate. This can be ascribed to the wide band gap and high conduction band edge of 
Nb2O5. 13   
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 Figure 6. Absorbance versus optical wavelength spectra for nanoporous anodic Pt/Nb2O5 
films exposed to 1 % H2 at (a) room temperature and (b) 100 °C. 
 
 The exposure of 1 % hydrogen gas to the Pt/ Nb2O5 films at 100 °C resulted in a change of 
the absorption spectrum over a wide wavelength range from 350 to 900 nm (Figure 6(b)). At 
the elevated temperature of 100 °C, the adsorption rate of H+ ions increases due to sufficient 
energy being available to dissociate molecular hydrogen, while at the same time the 
formation of water vapor on the surface becomes limited, which would increase the efficient 
surface area available for the gas adsorption response. 26, 29, 48-49 Good reversibility is also 
observed at the 100 °C operating temperature.  
The optical absorption properties of nanoporous anodic Nb2O5 films are tuned by the 
intercalation of H+ ions that resulted from the dissociation of hydrogen gas molecules in the 
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presence of the Pt catalyst. These reactions alter the electronic band structure of the Nb2O5 
films,13 which consequently changes the optical absorbance of the films. The detailed 
mechanism of optical hydrogen gas sensing using nanoporous anodic Nb2O5 is discussed in 
details as follows. 
Hydrogen gas dissociates on the Pt catalyst forming hydrogen ions (H+) and 
electrons (𝑒𝑒−): 50 H2(g) → 2H+ + 2𝑒𝑒− (1) 
The generated hydrogen ions and electrons are simultaneously intercalated into the 
nanoporous anodic Nb2O5 film. Gradually water molecules (H2O) are formed via the 
reduction of Nb2O5 to Nb2O5−𝑥𝑥/2 as described by the following reactions: 13, 26 Nb2O5 + 𝑥𝑥H+ + 𝑥𝑥𝑒𝑒− ⇋ H𝑥𝑥Nb2O5 (2) 2H𝑥𝑥Nb2O5  ⇋  𝑥𝑥H2O + Nb2O5−𝑥𝑥/2 (3) 
It is suggested NbO2 is formed for the case of x = 2. 29 According to equation (2), the 
intercalated H+ ions are embedded into the crystal structure of Nb2O5. The released electrons 
are transferred to the lowest-lying unoccupied energy levels of Nb2O5 13. Thus, the 
stoichiometry of the nanoporous anodic film is changed and its electronic band structure is 
altered, which results in an increase of the film absorbance. By purging the hydrogen gas 
source out of the system by exposing the films to air (oxygen rich environment) the adsorbed 
oxygen species restore the stoichiometry of the nanoporous anodic Nb2O5 films and hence 
reduce the level of absorbance to the original state as follows: 26  Nb2O5−𝑥𝑥/2 + (𝑥𝑥/4)O2 ⇋ Nb2O5 (4) 
This indicates the reversibility of the chemical reactions, and thereby justifies the use of 
this material in a repeatable manner as a gas sensing material. 
As mentioned previously, the intercalation of H+ ions reduces the bandgap of Nb2O5. The 
bandgap energies were calculated from the UV-Vis absorption spectra shown in Figure 6(b) 
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using the Tauc equation (see Supporting Information for details). 2 It was found that the 
bandgap of the nanoporous anodic Nb2O5 film under ambient air exposure was 3.26 eV. The 
bandgap reduced to 2.99 eV in the presence of 1% hydrogen due to the intercalation of H+ 
ions into the Nb2O5 film as described by equation (2). 32-35  
Figure 7 shows the dynamic response of the Pt/Nb2O5 films towards 1% hydrogen gas 
concentration at different operating temperatures of 60, 80 and 100 °C. The measurements 
were carried out at a single wavelength of 600 nm, which was the wavelength where the 
maximum absorption was recorded in the visible region in Figure 6(b). As can be seen, the 
response magnitude increases by increasing the operating temperature. At low temperatures 
the dissociation of H2 on Pt is suppressed, slowing the kinetics of e− and H+ injection into the 
nanoporous anodic Nb2O5 lattice.  However, as the temperature increases, the response 
increases due to more efficient H2 adsorption and dissociation on the catalyst surface and spill 
over into the Nb2O5 optical element.   
 
Figure 7. The dynamic responses of the nanoporous anodic Nb2O5 optical element under 1% 
hydrogen exposure at different temperatures recorded at a wavelength of 600 nm. 
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Figure 8(a) shows the dynamic responses of the nanoporous anodic Pt/ Nb2O5 films over a 
H2 concentration range of 0.06 to 1.0 %, measured at a single wavelength of 600 nm at 100 
°C. It was found that the absorption change increases linearly with increasing hydrogen gas 
concentration as observed from the plot shown in Figure 8(b). With hydrogen gas 
concentrations of 0.06, 0.12, 0.25, 0.5, and 1.0%, absorption changes of 0.03, 0.04, 0.05 and 
0.08 were recorded. When the gas supply was repeatedly switched from air to hydrogen gas 
(in air background), the baseline remained stable.  
 
Figure 8. (a) Dynamic performance and (b) absorbance change of nanoporous anodic 
Pt/Nb2O5 films after exposure to different concentrations of hydrogen gas at 100 °C at the 
wavelength of 600 nm.   
16 
 
The response factors were calculated using the following equations: 51 
𝑅𝑅𝑅𝑅 = 𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑔𝑔𝑔𝑔 − 𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑎𝑎𝑎𝑎
𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑔𝑔𝑔𝑔
× 100% (5) 
where 𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑔𝑔𝑔𝑔 and  𝐴𝐴𝐴𝐴𝐴𝐴𝑔𝑔𝑎𝑎𝑎𝑎 are the absorbance in gas and air ambience, respectively. As the 
concentration of hydrogen gas increased from 0.06 to 1.0%, the response factor also 
increased from 2.8 to 12.1 %.  
The performances of the optical sensors under different hydrogen concentrations were 
further evaluated in terms of response and recovery time. The response time is defined as the 
time required for the variation in absorbance to reach 90% of the equilibrium absorbance 
peak value after a test gas was injected, and the recovery time as the time necessary for the 
sensor to return to 10% above the equilibrium absorbance peak value in air after releasing the 
test gas. 51 Figure 9 shows the plot of response and recovery times under different 
concentrations of hydrogen gas exposure. It was found that, when the concentration of 
hydrogen increased, the response time decreased. However the sensor required a longer time 
to recover when the hydrogen concentration was increased.  
 
Figure 9. Plot of response and recovery times at various hydrogen gas concentrations for a 
nanoporous anodic Pt/Nb2O5 sensing element at 100 °C. 
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 In general, the response time of the sensors is much shorter than the recovery time. 
Hydrogen gas concentrations of 0.06, 0.12, 0.25, 0.5 and 1.0 %, result in response times of 
62, 52, 45, 32 and 12 s while recovery times were 190, 212, 225, 259 and 275 s. It can be 
concluded that the nanoporous anodic Pt/Nb2O5 sensing element performance exhibited a 
strong dependence on the hydrogen gas concentration. With the increased hydrogen gas 
concentration, the adsorption of H+ ions is high; thereby favoring fast electron injection and 
H+ intercalation into the nanoporous Nb2O5 films and therefore enhanced response times (a 
discussion regarding the diffusion depth of the gas molecules is presented in the Supporting 
Information). However, it is suggested that the increase in hydrogen gas concentration also 
results in large changes in the film stoichiometry, and therefore restoring the film to its initial 
state will take longer. 
For benchmarking and in order to investigate the selectivity of the sensing elements, further 
experiments were conducted. The film was exposed to ethanol and methane gas at 1% 
concentration and the responses are shown in Figure 10. The absorbance change under 
ethanol vapour exposure was slightly lower than that of hydrogen gas. However, the exposure 
to methane gas resulted in a relatively smaller absorbance change. Thus, the Nb2O5 sensing 
element exhibited stronger interactions to ethanol and hydrogen molecules in comparison to 
methane. 
Altogether, this optical system offers a number of advantages over the electrical based units 
incorporating similar nanoporous anodic Nb2O5 sensitive films. In comparison to our 
previous work 52, in which the sensing performance of a Schottky-based anodic Nb2O5 
hydrogen gas sensor was investigated, the relative absorbance change in response to 
hydrogen gas is slightly higher in this case. Additionally, the operating temperature of this 
optical system is also lower than our previously reported Schottky based gas sensor.  
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Figure 10. The absorbance change of the nanoporous anodic Pt/Nb2O5 sensing element in 
the presence of either 1% hydrogen, ethanol or methane at an operating temperature of 100 
°C.  
 
4 CONCLUSIONS 
In this work, we successfully demonstrated the possibility of using nanoporous anodic 
Nb2O5 films for optical hydrogen gas sensing. These films were obtained using a high 
temperature anodization technique in a glycerol based electrolyte at 180 ºC that resulted in 
Nb2O5 nanostructures. In the gas sensing experiments, the hydrogen gas molecules are 
dissociated into H+ ions in a processes facilitated by a thin Pt layer. The intercalation of 
H+ into the nanoporous anodic Nb2O5 films altered their electronic band structure, thereby 
exhibiting an absorption change which contributed to the sensor’s response. The optical 
absorbance measurements upon exposure to hydrogen gas were conducted over a range of 
temperatures starting from room temperature to 100 °C. The nanoporous films 
of ~500 nm thickness with a high active surface area demonstrated modest absorbance 
changes at 100 °C with a response factor of 12.1 % when exposed to 1% hydrogen in ambient 
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air as well as a rapid response and recovery. The presented work is the first report on 
hydrogen sensing behaviour using optical modulation of nanoporous anodic Nb2O5 sensing 
elements and future investigations are required to reveal their applications for sensing other 
gas species.  
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